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Supplementary Note
Mismatch Repair Gene Variant Classification Criteria
Version 2.0 October 2013

Rules for Variant Classification:

Rules describing the 5 class system for classification of MMR gene variants were
devised and documented by Amanda Spurdle and Bryony Thompson in September
2009 for standardised classification of variants in the Colon Cancer Family Registry
database, and revised by Amanda Spurdle, Bryony Thompson, Sean Tavtigian and
Marc Greenblatt during April 2011, in collaboration with the InSiGHT Variant
Interpretation Committee (VIC), modulated by input from committee members during
ongoing VIC meetings. They are based on the following:

- The 5 class system described for quantitative assessment of variant
pathogenicity in Plon et al.”, using a multifactorial likelihood model*® as
applied to MMR gene variants®’;

- The 5 class system for interpretation of splicing variants and aberrations by
Spurdle et al.?;

- The classification of sequence changes according to standard clinical practice
— that is, description of variants generally considered pathogenic (clinically
relevant in a genetic counselling setting such that germline variant status is
used to inform patient and family management) or non-pathogenic (significant
evidence against being a dominant high-risk pathogenic mutation); and

- The documentation of non-quantitative methods that have been used to
classify variants in the literature.

For a given class, a variant is required to satisfy all the criteria listed for at
least one bullet-point that falls within that class. The symbol “v'” represents
an “AND” statement. The footnote # describes the rationale for suggested sample
numbers, and the rationale for use of indicative MSI or IHC information. The
interpretation of functional assays is assisted by a flowchart developed for this
purpose (See Fig. 1b, main text).

These criteria provide a baseline for standardized clinical classification of MMR gene
sequence variation that may be linked to patient and family management in the
genetic counseling arena according to published guidelines '. Use of the InSiIGHT
database, and associated interpretation relating to pathogenicity, is subject to User
discretion and responsibility. Whereas InSiGHT has developed processes to assign
pathogenicity utilizing high-level expertise available through its membership, such
assignments are subject to change with the availability of new information and
interpretation processes. Information submitted to the InSiGHT database is available
for individual enquiry for clinical use, but any collective use of the data for research or
other purposes transgresses agreements InSiGHT has with the valuable community
of researchers, clinicians and diagnostic laboratories that generously support the
database through their submissions. All users of the database are encouraged to
submit their own variants to support the InSiGHT international collaboration to share
gene variant data relating to gastrointestinal tumors. Submissions should be directed
to the InSiGHT curator John-Paul Plazzer (johnpaul@variome.org).




Class 5 — Pathogenic

Variants with probability of pathogenicity >0.99 using a multifactorial likelihood
model
Coding sequence variation resulting in a stop codon i.e. nonsense or frameshift
pathogenic alteration that is predicted to result in interruption of known
functional protein domains or highly conserved exonic sequences
Variants where mRNA assays in patient RNA indicate that the variant allele
results in a splicing aberration (with evidence that the variant allele produces no
wild-type transcript) leading to premature stop codon or in-frame deletion
disrupting a functional domain or protein conformation
Large genomic deletions
Large genomic duplications shown by laboratory studies to result in a
frameshift before the last splice junction
Variants demonstrating all of the following characteristics with no conflicting
results (combined evidence achieves estimated LR >100:1, posterior >0.99
with prior 0.5):
v Variant-specific abrogated function in protein or mRNA based lab
assays (see MMR functional assay supplementary material)
- OR - for MLH1 and MSH2, co-occurrence in trans with a known pathogenic
sequence variant in the same gene in a patient with clinical features
consistent with Constitutional Mismatch Repair Deficiency (CMMRD) and
reported LS cancer in the parent of origin for the variant to be classified. If
parental genotype is unknown, then both parents should have early-onset
LS cancer
- OR - presence of the variant on different haplotypes across families
indicating that reported LS clinical features are not due to an undiscovered
sequence change in cis with the variant
v Evidence for co-segregation with disease where pedigree information
provided allows calculation of likelihood ratio (LR) of =10:1*
- OR - at least one revised Amsterdam criteria ° family with >4 affected
carriers
- OR - across >2 revised Amsterdam criteria families reported to show
segregation with disease (no further information provided)
- OR - >2 families with >3 affected non-proband carriers
v >2 independent tumors with MSI using a standard panel of 5-10
markers** and/or loss of MMR protein expression consistent with the variant
location (may include tumor information from proband)
v evidence that variant is not an undescribed polymorphism at allele
frequency >1% (minor allele frequency [MAF] >0.01) in healthy controls from
an appropriate population (i.e. 1000 genomes)



Class 4 - Likely pathogenic
* Variants with probability of pathogenicity between 0.95-0.99 using a
multifactorial likelihood model
* Variants at IVSx1 or IVS+2, or G>non-G at last base of exon if first 6 bases of
the intron are not GTRRGT, that are untested for splicing aberrations in vitro -
irrespective of bioinformatic predictions
* Variants demonstrating (combined evidence achieves LR >20:1, posterior 0.95-
0.99 with prior 0.5):
v variant-specific abrogated function in protein or mMRNA based lab
assays (see MMR functional assay supplementary material)
- OR - for MLH1 and MSHZ2, co-occurrence in trans with a known pathogenic
sequence variant in the same gene in a patient with clinical features
consistent with CMMRD and reported LS cancer in the parent of origin for
the variant to be classified. If parental genotype is unknown, then both
parents should have early-onset LS cancer
- OR - presence of the variant on different haplotypes across families
indicating that reported LS clinical features are not due to an undiscovered
sequence change in cis with the variant
v plus one of the following:
- co-segregation with disease assessed by available pedigree
information allows calculation of LR of >5:1*
- OR - at least one revised Amsterdam criteria family with >3 affected
carriers
- OR - >2 families with >2 affected non-proband carriers
- OR - >2 independent tumours with MSI using a standard panel of 5-10
markers** and/or loss of MMR protein expression consistent with the variant
location (may include tumour information from proband)

Class 3 — Uncertain

* Variants with probability of pathogenicity between 0.05-0.949 using a
multifactorial likelihood model

* Variants that have insufficient evidence (molecular or otherwise) to classify,
which may include large genomic duplications not yet shown by laboratory
studies to result in a frameshift before the last splice junction, missense
alterations, small in-frame insertions/deletions, silent variants, intronic
variants, promoter and regulatory region variants



Class 2 - Likely not pathogenic/little clinical significance
* Variants with probability of pathogenicity between 0.001-0.049 using a
multifactorial likelihood model
* Synonymous substitutions and intronic variants with no associated mRNA
aberration (either splicing or allelic imbalance) as determined by laboratory
assays conducted with nonsense-mediated decay inhibition. Whenever
abnormal transcripts are identified at similar levels in controls they will be
considered to be naturally occurring isoforms and not mRNA aberrations
* Variants reported to occur in a specific ethnic group at allele frequency =1%,
(MAF = 0.01, tested in = 160 individuals) and that have not yet been excluded
as known founder pathogenic sequence variants (“founder mutations”)
* Variants demonstrating:
v variant-specific proficient function in protein and mRNA based lab
assays (see MMR functional assay supplementary material)
- OR - co-occurrence in trans with a known pathogenic sequence variant in
the same gene in a patient with colorectal cancer after age 45 (or other LS
cancer above the median age of onset for that cancer in LS***), and who
has no previous or current evidence of clinical manifestations of CMMRD
v plus one of the following:
- present in control reference groups at allele frequency 0.01-1%
(MAF 0.0001-0.01, tested in = 160 individuals)
- OR - lack of co-segregation with disease consistent with a dominant high-
risk pathogenic sequence variant in pedigrees (LR< 0.01)
- OR - estimated risk with upper bound 95% confidence limit <4, as
determined by large well-designed case-control studies that consider size,
geography/ethnicity and quality control measures
- OR - >3 colorectal tumors with MSS and/or no loss of MMR protein
expression and/or loss of MMR protein(s) in LS spectrum tumors, that is
inconsistent with the gene demonstrating genetic variation
» Variants demonstrating any three of the following:
- present in control reference groups at allele frequency 0.01-1% (MAF
0.0001-0.01, tested in = 160 individuals)
- OR - lack of co-segregation with disease consistent with a dominant high-
risk pathogenic sequence variant in pedigrees (LR< 0.01)
- OR - estimated risk with upper bound 95% confidence limit <4, as
determined by large well-designed case-control studies that consider size,
geography/ethnicity and quality control measures
- OR - >3 colorectal tumors with MSS and/or no loss of MMR protein
expression and/or loss of MMR protein(s) in LS spectrum tumors, that is
inconsistent with the gene demonstrating genetic variation



Class1 — Not pathogenic/no clinical significance
* Variants with probability of pathogenicity <0.001 using a multifactorial likelihood
model
* Variants reported to occur in control reference groups at allele frequency =1%
(MAF = 0.01, tested in = 160 individuals) and excluded as founder pathogenic
seqguence variants
* Variants demonstrating:
v Variant-specific proficient function in protein and mRNA based lab
assays (see MMR functional assay supplementary material)
- OR - co-occurrence in trans with a known pathogenic sequence variant in
the same gene in a patient with colorectal cancer after age 45 (or other LS
cancer above the median age of onset for that cancer in LS***), and who
has no previous or current evidence of clinical manifestations of CMMRD
v Plus any two of the following:
- present in control reference groups at allele frequency 0.01-1%
(MAF 0.0001-0.01, tested in = 160 individuals)
- OR - lack of co-segregation with disease consistent with a dominant high-
risk pathogenic sequence variant in pedigrees (LR< 0.01)
- OR - estimated risk with upper bound 95% confidence limit <4, as
determined by large well-designed case-control studies that consider size,
geography/ethnicity and quality control measures
- OR - >3 colorectal tumors with MSS and/or no loss of MMR protein
expression and/or loss of MMR protein(s) in LS spectrum tumors, that is
inconsistent with the gene demonstrating genetic variation
* Variants demonstrating all of the following:
Present in control reference groups at allele frequency 0.01-1% (MAF 0.0001-
0.01, tested in = 160 individuals)

v Lack of co-segregation with disease consistent with a dominant high-
risk pathogenic sequence variant in pedigrees (LR< 0.01)
v Estimated risk with upper bound 95% confidence limit <4, as

determined by large well-designed case-control studies that consider size,
geography/ethnicity and quality control measures

v >3 colorectal tumors with MSS and/or no loss of MMR protein
expression and/or loss of MMR protein(s) in LS spectrum tumors, that is
inconsistent with the gene demonstrating genetic variation



Footnotes to Mismatch Repair Gene Variant Classification Guidelines:

# The upper 95% confidence limit of frequency for an allele observed once in 160
individuals (320 chromosomes) is <0.01, the allele frequency considered sufficient for
classification as class 1 (not pathogenic/low clinical significance). Characteristics of a
pathogenic variant were selected to achieve a combined likelihood ratio of >100:1 in
conjunction with a prior of 0.5 (estimated prior irrespective of in silico predictions).
Namely, the co-segregation and family history descriptions were selected to estimate
segregation odds of 10:1, results from functional assays were assumed to have
likelihood ratio 5:1 and MSI/IHC data was conservatively assumed to carry a
likelihood ratio of 5:1. Tumor data was based on two tumors for MSI and/or IHC to
allow for the possibility that pathogenic missense alterations may not all demonstrate
loss of MMR protein expression. Where both MSI and IHC information are available,
MSI-H results will take precedence over normal immunohistochemical results, since
MSI is more specific than MMR immunohistochemistry in colorectal cancers''". For
variants that demonstrate tumor MSS and loss of MMR protein expression, technical
or other explanations'®'?'* for the discrepancy should be investigated. The need for
multiple results was implemented to minimize the chance of a "sporadic" MSI-H or
negative immunohistochemical result for MLH1 methylated tumors (0.15x0.15 =
0.0225). Independent tumors can include multiple primary tumors from a single
individual.

* Likelihood ratios for segregation can be derived by Bayes factor analysis adapted
from the method of Thompson et al'®, as described previously®. Penetrance
estimates for MLH1 and MSH2 variants to be derived from Quehenberger et al'® and
those for MSH6 and PMS2 variants to be derived from Baglietto et al'” and Senter et
al'®.

** Standard MSI markers panel: BAT25, BAT26, BAT40, BAT34, D5S346, D17S250,
ACTC, D18S55, D10S197, MYCL '; D2S123, D18S69 ?°; NR21, NR24, NR27 #'

*** Lynch syndrome tumors include: colorectal/colon/rectal, endometrial, ovarian,
small bowel/small intestine, renal pelvis, ureter, and stomach/gastric carcinomas,
sebaceous skin tumors (adenomas and carcinomas), gliomas.



Supplementary Figure 1 Distribution of unique MMR gene variants
(constitutional and non-constitutional) on the InSiGHT database at study
initiation. There were 2,370 unique variants in the database after 3,458
nomenclature alterations due to formatting to standardized Human Genome Variation
Society nomenclature? and systematic review of the literature. There were 448
somatic (tumor or cell line derived) entries in the INSIGHT database, 229 of which
have not been reported as constitutional variants. There were 3,322 artificial
(synthesized for in vitro or in vivo assays or subjected to in silico analyses) entries in
the database, 137 of which have not been reported as constitutional variants. In
addition, four variants were termed “unknown” since the source could not be
established (n=1) or the nomenclature provided in the reference was inconsistent
with sequence trace data provided in the source publication (n=3). Details of the non-
constitutional variants are shown in Supplementary Table 1.

B Constitutional {n=2,360) @ Somatc (n=229) BArtficial (n=137) B Unknown (n=4)

0.1%




Supplementary Figure 2 Breakdown by MMR gene, of the proportion of
different variant types in the 5-tiered classifications. Class 5a is a subset of
Class 5 containing the assumed pathogenic mutations caused by nonsense
mutations, small frameshift indels, and large deletions. Class 5b includes not-
obviously truncating variants considered to be pathogenic on the basis of combined
evidence (see Supplementary Note). The different variant types are: PTC — variants
that introduce premature terminating codons, i.e. nonsense mutations and small
frameshift indels; NS — not obviously truncating non-synonymous variants; | — intronic
variants outside the canonical splicing dinucleotides; LGDel — large genomic
deletions or disrupting inversions; LGDup — large genomic duplications; SS — variants
in the canonical splice site dinucleotides; S — synonymous variants; ATG/UTR —
variants in the initiation codon (n=9), and the 5’ or 3’ untranslated regions (n=49).
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C) MSH2 (n=842)

D) MSH6 (n=449)

E) PMS2 (n=137)
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Supplementary Table 2 Database information used to select
discordantly classified variants for detailed examination by the Variant
Interpretation Committee: MLH1:¢.731G>A p.(Gly244Asp) as an example.
The current database contains data from three merged public databases: the original
INSIGHT database®** (contributions from individual submitters); MMR Gene
Unclassified Variants Database® (functional assay results); and the Mismatch Repair
Genes Variant Database® publication database. Additionally, Human Variome

Project country/regional LOVD sub-databases also contribute to the central database,
e.g. the Chinese LOVD MMR database®. Classifications were commonly assigned to
variants by submitters based on a single point of evidence. Variants with different

submitter-assi

ned classifications were prioritized for initial review.

Test Method

Test Type

Result

Classification

Reference

assay using a
human
expression
system

dominant reporter assays | DNE in 0 out of 3 tests PATHOGENIC | Takahashi et

negative effect | in yeast al., 2007

expression in vivo assay in | comparable to WT NEUTRAL Blasi et al.

level of mutant | human cell line 2006

allele

mutation rate in vivo assay in | increased mutation rate | PATHOGENIC | Blasi et al.

at HPRT gene | human cell line 2006

tolerance to in vivo assay in | tolerance as in WT NEUTRAL Blasi et al.

methylating human cell line 2006

agents

MMR activity in vitro assay 19,4% compared to 0% | VUS Takahashi et

assay in MLH1 deficient cell al., 2007
line

MLHA1 protein >75% of WT level NEUTRAL Takahashi et

expression abundancy al., 2007

comparison of | functional mutation rate in a lys+ PATHOGENIC | Shcherbakova

mutation rate assays using reporter gene et al, 1999

between yeast comparable to a MLH1

haploid yeast deficient haploid yeast

pSPL3 splicing assay no change in exon NEUTRAL Lastella et al.

minigene inclusion 2006

human cell cell based in reduced repair efficiency | PATHOGENIC | Trojan et al.,

extract+in vitro | vitro MMR compared to the WT 2002

MMR assay functional
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Supplementary Table 9 Qualifications and expertise covered by the 40 members
of the InSiGHT Variant Interpretation Committee (VIC)

VIC member

Affiliation

Academic Qualifications and
Expertise

Dr Kiwamu Akagi

Div. Molecular Diagnosis and
Cancer Prevention, Saitama Cancer
Center, Saitama, Japan

MD, PhD: Molecular Pathology

Prof Fahd Al-Mulla

Department of Pathology, Faculty of
Medicine, Health Sciences Center,
Kuwait University, Safat, Kuwait

BSc, M.B.,Ch.,B., PhD, FRCPE:
Molecular Pathology

Prof Bharati Bapat

Department of Lab Medicine and
Pathobiology, University of Toronto,
Canada

BSc, MSc, PhD: Cancer
Genetics, Molecular Pathology

Dr Inge Bernstein

Surgical Gastroenterology
Department, Aalborg University
Hospital, Aalborg, Denmark; Danish
HNPCC Registry, Copenhagen,
Denmark

MD, PhD, MHM: Gastrointestinal
Surgery

Dr Gabriel Capella

Hereditary Cancer Program. Catalan
Institute of Oncology-IDIBELL,
Barcelona, Spain

MD PhD: Molecular Pathology
and Genetic Oncology Research

Dr Desirée du Sart

Molecular Genetics Lab, Victorian
Clinical Genetics Services, Murdoch
Childrens Research Institute,
Melbourne, Australia

PhD: Diagnostic molecular
genetics

Aurelie Fabre

INSERM UMR S910, Department of
Medical Genetics and Functional
Genomics, Marseille, France

Cancer Genetics Research

Michael Farrell

Department of Cancer Genetics,
Mater Private Hospital, Dublin,
Ireland

R.G.N., H. Dip. Applied Science,
B.Sc. in Computing, Grad. Dip.
in Oncology Nursing, M. Sc. in
Molecular Medicine: Genetic

counseling

Dr Susan M Farrington

Colon Cancer Genetics Group,
Institute of Genetics and Molecular
Medicine, University of Edinburgh,

Scotland

BSc, PhD: Cancer and
Molecular Genetics Research

Dr lan Frayling

Institute of Medical Genetics,
University Hospital of Wales, Cardiff,
UK

MA (Cambridge; Medical
Sciences with Honours in
Biochemistry), MB BChir
(Cambridge), PhD (Manchester:
DNA repair), FRCPath (Clinical
Molecular and Cytogenetics),
FEBLM (Founder Fellow
European Board of Laboratory
Medicine): Molecular Pathology

Prof Thierry Frebourg

Inserm U614, Faculty of Medicine,
Institute for Biomedical Research,
University of Rouen, France

PhD: Molecular genetics
diagnostic and research

Prof Maurizio Genuardi
(committee chair)

1: Department of Biomedical,
Experimental and Clinical Sciences,
University of Florence, Italy; 2:
Fiorgen Foundation for
Pharmacogenomics, Sesto
Fiorentino, Italy

MD: Clinical genetics

Dr David Goldgar

Department of Dermatology;
University of Utah Medical School;
Salt Lake City, Utah, U.S.

PhD: Genetic epidemiology

Dr Marc Greenblatt

University of Vermont; Burlington,
Vermont, U.S.

MD: Medical Oncology
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Dr Christopher D. Heinen

Neag Comprehensive Cancer
Center & Center for Molecular
Medicine, UConn Health Center,
Farmington, CT, U.S.

PhD: Cancer Genetics Research
(functional assays)

Prof Elke Holinski-Feder

Klinikum der Universitat Midnchen,
Campus Innenstadt, Medizinische
Klinik und Poliklinik 1V, Munich,
Germany; MGZ — Medizinisch
Genetisches Zentrum, Munich,
Germany

MD, PhD: Diagnostic molecular
genetics

A/Prof Maija Kohonen-Corish

Garvan Institute of Medical
Research, Kinghorn Cancer Centre
& St Vincent's Clinical School,
University of NSW & School of
Medicine, University of Western
Sydney, Sydney, Australia

BSc, MSc, PhD, MHGSA:
Cancer genetics research

Dr Kristina Lagerstedt-
Robinson

Department of Molecular Medicine
and Surgery, Karolinska Institutet,
Department of Clinical Genetics,
Karolinska University Hospital,
Stockholm, Sweden

PhD: Diagnostic molecular
genetics

Prof Suet Yi Leung

Hereditary Gastrointestinal Cancer
Genetic Diagnosis Laboratory,
Department of Pathology, The

University of Hong Kong, Queen
Mary Hospital, Pokfulam, Hong Kong

MBBS, MD, FRCPath(UK),
FRCPA, FHKAM (Pathology),
FHKCPath: Diagnostic
molecular genetics; Cancer
genetics and genomics;
Molecular pathology

Prof Finlay Macrae

Department of Colorectal Medicine
and Genetics, Royal Melbourne
Hospital, Australia

MBBS (Hons1 Monash), MD
(Melb), FRACP, FRCP (UK),
AGAF: Gastroenterology

Dr Alexandra Martins

Inserm U1079, University of Rouen,
Institute for Research and Innovation
in Biomedicine, Rouen, France

PhD: Diagnostic molecular
genetics, Cancer genetics and
RNA biology research, RNA
splicing assays

Senior scientist, Senior
consultant Pal Moller

Research Group on Inherited
Cancer, Department of Medical
Genetics; Oslo University Hospital,
The Norwegian Radium Hospital
Oslo, Norway

MD, PhD: Clinical genetics,
Cancer genetics, Genetic
epidemiology

Dr Monika Morak

Klinikum der Universitat Minchen,
Campus Innenstadt, Medizinische
Klinik und Poliklinik 1V, Munich,
Germany; MGZ — Medizinisch
Genetisches Zentrum, Munich,
Germany

PhD: Cancer genetics research,
splicing and cDNA assays.

Prof Minna Nystrém

Department of Biosciences,
Genetics; University of Helsinki,
Finland

PhD Cancer genetics research
(functional assays)

Prof Paivi Peltomaki

Department of Medical Genetics,
Haartman Institute; University of
Helsinki, Finland

MD, PhD: Cancer genetics
research and InsiGHT database
curator

Dr Marta Pineda

Hereditary Cancer Program. Catalan
Institute of Oncology-IDIBELL,
Barcelona, Spain

PhD: Diagnostic molecular
genetics

John-Paul Plazzer

Department of Colorectal Medicine
and Genetics, Royal Melbourne
Hospital, Australia

BEng (Comp), GradDip (Bioinf):
Database curator
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Prof Ming Qi

Center for Genetic & Genomic
Medicine; The First Affiliated
Hospital of Zhejiang University
School of Medicine; James Watson
Institute of Genomic Sciences,
Beijing Genome Institute, China;
University of Rochester Medical
Center, NY, USA

PhD, FACMG: Diagnostic
moelcular genetics

Prof Rajkumar Ramesar

MRC Human Genetics Research
Unit, Division of Human Genetics,
Institute of Infectious Diseases and
Molecular Medicine, Faculty of
Health Sciences, University of Cape
Town, South Africa

PhD: Diagnostic molecular
genetics

Managing Director, Prof Lene
Juel Rasmussen

Center for Healthy Aging, University
of Copenhagen, Denmark

PhD: Cancer genetics research
(functional assays)

Prof Brigitte Royer-Pokora

Institute of Human Genetics,
University of Dusseldorf, Germany

PhD: Diagnostic molecular
genetics and functional assays

Prof Rodney Scott

Discipline of Medical Genetics,
Faculty of Health, University of
Newcastle, The Hunter Medical
Research Institute, NSW, Australia &
The Division of Molecular Medicine,
Hunter Area Pathgology Service,
John Hunter Hospital, Newcastle,
NSW, Australia

PhD, DSc, FRCPath, FHGSA,
FFSc(RCPA): Cancer genetics,
diagnositic and research

Prof Rolf Sijmons

Dept of Genetics, University of
Groningen, University Medical
Center Groningen, Groningen, the
Netherlands

MD PhD: Clinical genetics

A/Prof Amanda Spurdle

Queensland Institute for Medical
Research, Brisbane, Australia

PhD: molecular cancer
epidemiology research

A/Prof Sean Tavtigian

Huntsman Cancer Institute, Salt
Lake City, UT, U.S.

PhD: Cancer genetic research -
bioinformatics

Queensland Institute for Medical
Research, Brisbane, Australia;

BSc (Hons), PhD scholar:

Bryony Thompson School of Medicine, University of cancer genetics research
Queensland, Brisbane, Australia
Center of Human and Clinical . .
Dr Carli Tops Genetics, Leiden University Medical PhD: Dlagr;?]séttl;;nolecular
Centre, The Netherlands
Prof Thomas Weber State University of New York at MD: Surgery

Downstate, Brooklyn, NY, U.S.

A/Prof Juul Wijnen

Center of Human and Clinical
Genetics, Leiden University Medical
Centre, The Netherlands

PhD: Diagnostic molecular
Genetics

A/Prof Michael Woods

Discipline of Genetics, Faculty of
Medicine, Memorial University of
Newfoundland; St. John's, NL,
Canada

PhD: Diagnostic molecular
genetics and database curator
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